In a preceding investigation (1) upon certain properties of paracasein, we attempted to identify paracasein by physicochemical means.
INTRODUCTOEY.
In a preceding investigation (1) upon certain properties of paracasein, we attempted to identify paracasein by physicochemical means.
Paracaseins were prepared by coagulating milk by means of rennin or pepsin preparations, puri/ying the resulting paracasein in the same way as was done in the case of casein (2) . Such preparations, free from any proteolytic enzyme, were then tested for their solubility in water and for their solubility in dilute NaOH solutions at two temperatures. It was found that although paracasein at about 6°C. dissolves in water to the same extent as casein, the capacity to bind base was distinctly different from that of casein. While casein at 21 to 37°C. dissolves in combination with base to the extent of about 2100 gm. per tool of NaOH added (2, 3) , most of the paracasein preparations combined with NaOH in this temperature range with a combining weight of 1450 gm.
The ratio of the equivalent combining weight of casein to the combining weight of paracasein is as 1 to 1.45. Solubility measurements at 5°C. indicated that the same relationship held true for these proteins at low temperature.
In the present investigation, we have studied further some of the other properties of paracasein preparations, among which are the hydrogen ion activity in systems composed of paracasein and base, and the maximum base-binding capacity of certain paracaseins. 239
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EFFECT OF REHNI-NUPON CASEIN. II
In a previous investigation, we have reported solubility measurements upon Paracasein Preparation VI. Unlike the other five paracasein preparations this one had a combining weight of about 1700 gin. with NaOH. Some of the properties of this paracasein have been investigated further.
During the course of the preparation of paracasein we have noted (1) the appearance of certain hydrolytic products. This suggested the possibility of preparing paracasein by a partial hydrolysis of casein in alkaline solutions.
Finally, we shall attempt to summarize the differences between paracasein and casein.
II,

The Hydrogen Ion Activity in a System Composed o/Paracasein
and NaOH.
The estimate of the hydrogen ion activity in systems composed of paracasein and NaOH was made both colorimetrically and electrometrically.
Cotorimetrical Method.--A sample of paracasein, previously washed with distilled water, was placed in a bottle. This suspension was vigorously agitated by means of a stirrer and NaOH was added, then a 10 cc. sample was pipetted out, filtered, and the pH of the solution determined colorimetrically, using methyl red or brom thymol blue. An additional 10 cc. of NaOH was then added to the bottle. Thus the volume of the suspension was always kept constant.
Let m be the initial amount of paxacasein in the system. Let a be the total volume, q the volume of the sample taken for each measurement. The amount of paracasein left after the nth removal is given by the following expression: From this equation and known values of n, the values given in Table  I were calculated.
Electrometricel Method.--To known amounts of paracasein preparations were added varied amounts of NaOH. The samples were then shaken for a time extending from 9 to 48 hours at temperatures ranging from 20 to 25°C. The hydrogen ion activity was determined poten- tiometrically against a saturated calomel electrode. Saturated KC1 was used for a bridge. The data were not corrected for the diffusion potential.
The results of the electrometrical titration of Paracasein Preparations I and II are given in Table I . Both the colorimetric titrations of Paracasein Preparation II and the electrometric titration of Paracasein Preparations I and II are graphically represented in Fig. 1 , together with the titration curve of casein (4) .
It is evident that paracasein behaves as though it were a stronger acid than casein. At any point of the titration curve an equal amount of base brings casein to a less acid reaction than paracasein. By comparing the combining weights of casein and paracasein toward NaOH we have already arrived (1) at the conclusion that paracasein has a greater number of acid groups than casein. A comparison of the titration curves of these two proteins substantiates this conclusion: paracasein is a stronger acid than casein.
III.
The Maximum Base-Combining Capacity o/ Paracasein.
The maximum base-combining capacity of a protein may be defined as being the largest amount of base which will combine with a given amount of protein.
The amount of base bound may best be estimated (5) by calculating the amount of free base in solution and subtracting this value from the amount of base added. The difference yields the amount of base bound by the protein. When this difference remains constant, ffpon further addition of base, the maximum base-combining capacity has been reached.
The maximum base-combining capacity of paracasein was estimated as follows: To a known amount of the protein an excess of base was added, the solution shaken for a short period of time, and its hydrogen ion activity estimated electrometrically. The base found was calculated following the method already described (5) . The results of these experiments are given in Table II .
In an extensive investigation upon the maximum base-combining capacity of casein, Cohn and Berggren (5) found that this property of casein depends upon the method used for the preparation of the protein. Preparations which were brought to an alkaline reaction during their purification were found to bind more base than those which were never subjected to alkalinities greater than pH 7.00. Two limits were thus discovered, the lowest representing a casein of a maximum base-combining capacity of 138 X 10 -5 tools of NaOH per 1 gin., and the highest, the casein modified by an alkaline treatment, binding as much as 185 × 10 -5 tools of NaOH per 1 gin. These two limits are of considerable interest to the chemistry of casein. As it has been shown elsewhere (3) these limits yield multiple relationships with other constants derived from the study of casein.
The reciprocal of the equivalent combining weight of paracasein, 1450 gin., i.e., the amount of base necessary to dissolve 1 gin. of paracasein, is 69 × 10 -5 tools of NaOH. The corresponding figure for casein is 47.5 X 10 -5 tools (2). The difference between these two values is 21.5 X 10 -5 tools. (
Experiment ~o.
(2) The lowest mount of base which paracasein binds at maximum is 164 X 10 -5 tools per 1 gin. (Table II) . The lowest amount for casein, according to Cohn and Berggren (5) is 136 X 10 -5 tools. The difference is 28 × 10 -5 tools.
Comparing this value with the one representing the amount of base which paracasein binds in excess over casein in passing into solution, the following conclusion may be drawn: the increase of the maximum combining capacity of paracasein over the combining capacity of an "unmodified" casein is sufficient to account for the excess of base bound by paracasein over casein while passing into solution. Paracasein binds more base at saturation than does an "unmodified" casein. This suggested the possibility that a casein preparation having a high maximum base-binding capacity, bears a certain relation to paracasein. Therefore, Casein Preparation XXD was selected, the maximum base-binding capacity of which was determined by Cohn and Berggren (5). This preparation, treated during the course of its preparation by an excess of alkali, bound 184 × 10 -5 tools of NaOH per gin.
The solubility measurements in NaOH at 5°C. yielded the following fi~,,ures: With 1.00 × 10 -5 tools of base -1.92 nag. N passed into solution,--with 5.00 × 10 -5-10.2 nag. 1330 gin. passed into solution per 1 tool of NaOH added. According to our previous experiments (3) the combining weight of a natural casein in a corresponding solubility range and temperature, is 1300 gin. Casein Preparation XXD thus behaves identically to a natural casein in this respect and bears no relation to paracasein.
During the course of the preparation of paracasein we noted the appearance of hydrolytic products soluble in water at pH. 4.7. This suggested the possibility that paracasein was a product of a partial hydrolysis of casein. We, therefore, sought to produce paracasein from casein by a partial hydrolysis of the latter.
For this purpose, part of the Casein Preparation XXV was dissolved by an addition of NaOH until the pH of the solution reached 6.5. The solution was left undisturbed for 1 month at a temperature of about 24°C. Then the casein in solution was precipitated by a slow addition of HC1 to pH 4.7 and extensively washed in distilled water. Samples of this casein were then brought into intimate contact with known amounts of NaOH in the way described (2) , and the amount of the nitrogen in solution determined. The results of this experiment are recorded in Table III (Experiment 8). Another part of the same preparation was subjected to a more vigorous hydrolysis. It was brought to pH 11.0 and kept for 70 hours at a temperature of 30°C. The casein left unhydrolized, was precipitated as before, washed, and its solubility in NaOH determined (Experiments 18, 21, Table III ).
An attempt not only to hydrolyze part of the casein, but also to measure the amount of casein hydrolyzed, was made upon Casein The results of these experiments are recorded in Table III (Experiments 53 and 55).
In Fig. 2 we have plotted the results and calculated the value of the equivalent combining weight.
Upon inspection of this chart as well as of Table III it seems evident that all the caseins have identical solubility in NaOH, and furthermore that their capacity to bind base is similar to the natural casein. 2100 +100 gin. may be assigned (2, 3) to the equivalent combining weight of casein. The result of our calculation yields 1950 gin.
It seems, therefore, plausible to conclude from these experiments that casein recovered from the hydrolysate is practically identical in its solubility in NaOH with the original casein. If an excess of alkali (5) increases the maximum base-combining capacity of casein, this increase is not at the expense of acid groups involved in the passage of this protein into solution. By hydrolysis of the sodium salt of casein, no body bearing a resemblance to paracasein was obtained. It is possible to conclude that the hydrolysis promoted by an excess of NaOH is not identical to the reaction promoted by rennin or pepsin.
We hope, in the future, to extend these observations to the hydrolysis of casein in the presence of Ca(OH)~.
V.
Paracasein Preparation VI.
In the preceding investigation upon the property of paracasein (1) we found that one of the six paracasein preparations studied, namely, Preparation VI, dissolved in NaOH at a rate of 1700 gin. per tool of base added. The combining capacity of this preparation was found to be different from the others, whose combining weights average around 1450 gin. Several explanations may be presented to account for the property of this preparation. It may be supposed that this preparation is an intermediary product of the reaction of rennin upon casein. That is, upon further action of rennin upon this preparation we should expect as a result a modification of casein having the combining weight of 1450 gin. Another explanation may be sought in the supposition that the preparation is a mixture of natural casein and paracasein. In this case, when a given amount of this preparation is dissolved by NaOH, the combining capacity should not remain a con- In order to study the effect of rennin upon Paracasein VI, 6 gin. of this preparation were brought to pH 6.8 by the addition of NaOH. 0.01 gin. of Hansen's salt-free rennin preparation was added and the solution kept at 27°C. for 24 hours. The preparation was then precipitated and purified in the same way as has been already described (1) . The suspension was then made to contain 30 rag. of nitrogen per Table IV and the combining weight calculated from these data in Fig. 3 .
The following conclusions may be drawn from these experiments. First, the combining capacity of this preparation did not change appreciably after treatment by rennin, and furtherm6re every fraction of it (Fig. 3) is endowed with practically the same combining capacity with NaOH.
This preparation did not show any sign of modification after being kept for a long time at the isoelectric point at 5°C. Solubility experiments carried after an elapse of 7 months (Table IV) indicated the same solubility. Similarly, the solubility of Paracasein II was found to be unaffected by time. Therefore, it is plausible to conclude that paracaseins are relatively stable bodies.
The result of this investigation indicates that it is probable that Paracasein VI is not a mixture of casein and paracasein, and is not appreciably modified in the form of a sodium salt by a further treatment by rennin.
V~o Is Casein Stable in Regard to Its Solubility in NaOH?
The preparation of paracasein takes on the whole 1 week more than the preparation of casein. If casein is unstable, it may be supposed that paracasein is nothing more than a denatured casein, denatured by being kept longer, but not denatured by rennin or pepsin.
Our experience with the solubility of casein in NaOH indicates that casein is a fairly stable body, keeping its qualities a good many weeks after its preparation. This question, however, is of such importance, that we decided to check up once more our evidence concerning the stability of casein. For this purpose Casein Preparation XXV, available in sufficient quantity, was selected. It was prepared in October, 1925, from non-pasteurized milk, by the method already described in detail (2) . From that time on it was kept under toluene at about 5°C. In July, 1926, the preparation was dissolved to pH 6.3 and reprecipitated, washed Cl-free, and used in part for some solubility measurements.
In June, 1927, the preparation was washed six times with distilled water and the experiment reported in Table V was undertaken. The results of this experiment indicate that Casein XXV after 1 year and 7 months still possessed a combining weight of about 2100 gm.
The conclusion may be drawn that casein is relatively stable in respect to its capacity to bind NaOH. Paracasein, thus, in this case, cannot be regarded as a product of denaturation of casein without the interference of rennin or pepsin. The properties of the paraeasein and casein preparations studied are compared in Table VI . Certain other problems dwelt upon in this investigation may be summarized as follows:
I. Casein retains its characteristic solubility in NaOH: (1) after being exposed to a high degree of alkalinity during its preparation, (2) when recovered from partially hydrolyzed solutions in NaOH, and (3) after being kept for a prolonged time at the isoelectric point at 5°C.
II. It follows from I, that: (1) paracasein is not identical to casein modified by an excess of alkali, and that (2) this protein was not produced from casein by a partial hydrolysis of the latter in presence of NaOH.
I am indebted to Dr. E. ]. Cohn for helpful advice and encouragement throughout the research upon paracasein. I am also indebted to Miss R. E. L. Berggren for technical assistance.
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